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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high-performance 
semiconductor device realizing a thin- film stacked structure composed 
of a high-quality nitride lll-V compound semiconductor and the 
manufacture of such semiconductor device, by manufacturing a SiC 
crystalline substrate capable of forming a flat interface with good 
reproducibility and its use, in the manufacture of a nitride lll-V 
compound semiconductor material. 

SOLUTION: A semiconductor device uses a crystalline substrate, which 
is composed of SiC and has a plane that is inclined in a SiC crystal 
[1-100] direction or a [1 1-20] direction or in an equivalent directions from 
the (0001) Si tetragonal orientation within a 7° range within the substrate 
plane and within a range of 0.02 to 0.6° within a vertical plane to the to* go) 
substrate plane. On the SiC crystalline substrate, a crystalline thin film 
composed of a nitride lll-V compound semiconductor material is grown 
through organic metal vapor phase growing. 




LEGAL STATUS 

[Date of request for examination] 25.01 .2001 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision 
of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



2004/03/18 14:53 



(19)B*B#ff/T (JP) 



'jkm^fift&m (a) 



Wm^l 1-233391 

(43)&RIB TOUl*f (1999)8^270 



(51) IntCl. 6 
H 0 1 L 21/02 
C 3 0 B 29/36 
29/38 

H0 1L 21/205 



F I 

H 0 1 L 21/02 
C 3 0 B 29/36 
29/38 
H 0 1 L 21/205 



B 
A 

D 



^E®3£ m#m<D&3 OL (£ 5 JO 





!ft|g¥l 0-29825 


(71) (ASA 


000004226 














(22)ffl8iB 


¥^lft¥(1998)2^12B 




JfOgCtBSr »KffiSr?tHT B 19# 2 ^ 








(72)»?8# 


SBB «St* 










JfcJKSPSr«KH§r*&=T a 19# 2 ^ 


B# 
















(72)3Sg&§ 


/M* mm 










AJsO&fftfKHfrSHT B 19# 2 # 


B* 
















(74)ft3BA 







(54) ISfi^£*n£m>&¥#^g43 t fctf-€-cD»j£ 



(57) [gift] 

[«fj&] s i cjcOftsttaaK-cfcoT. s i casn 

©(00 0 1) Si ffijE^ii J: <0 . C 1 - 1 0 0 3 # 
fa. Sfctt [ l l - 2 o ) 3fisi. fet,<tte*i6i«li 

=»"r4»fi*m>-5. cos i cttassLkcc. gft^ 

ill- VSifb^tt^fMmj: 0 tt&ttJU*M&«tt£ 



0 1 



(0001 )S 



fiTooj . 
•< — — 




i -a i csm . 

ft: flTOOJtt. 98lffl»©*X<p-BH: c i - 1 o 0) -ea*)+. 



1 

[11*111 ] S i C<fc»)&**iftfflR'C*-5T. s i c 

Sh b b © (0 00 1) Si BIE^te <fc 0 . C 1 - 1 0 0 3 

(i i-2 0] #isj. feu< «cne><t^ 

fcErt-CO .0 .6K©«fflF*3-CfS£fL;fcE 

iwmz ] irass i {cEtto*sfiS«i:K:. sfbwn 

I- V«eft^«*»ft*W J: 0 tt *tt AMR£ii&& It 
tt* C 4 10 
[l»#B3 ] M*gi l tcfBtt©£AS£&ffliv 
JR jMSJt&A&tc «fc 0 . SMtttlll - V £{b£«l¥i*tttt 

[0 00 1 ] 

[»B©JIIT4«8WMff] **MBtt. S i C (iftfbf -f 

m) j:9&s^e©isji.s«4. mm^mm±t,c. mt 

fc*MM*««4Bj:of*c«Hj6*ffiK:»-i-&. 20 

[0002] 

[fi!*CD^^] -MCcttAftfiU:. JBRsteBlOi&WIK^ 
*f-?-7*©&*fcj:o-C. y*HStfc3£©lKftK:<fc 
K 4 . J§tf4©jat&*a£©±»&c{* 5 2 3Sc« 
©$6£KJ:*l«fi*-h\ fci^SgWStSci 

icj:-3 x s» rwdjk* x f - * v^mmt sxf 

?^7a-t- KOt^-rnMc^lt 6*1-5. GaN©*£ 

a«*{c*ii,»rj4. ce*. -)x;\ t^x (mut. 1 
-r > *s#±> (D4M£ji«« & c 4 *«b*t* fcfc 

«>. t^r-fr^its, mvfa-ni- vmt&Va 30 
=t->-i.;U&g£tT i 5C4fcJ:D. »fc«ra-V«Kt^ 

r©*§fij&g#£a£4&oTt,>ft:. cotctb, mx.it 1 
n G a N3?©a^#^©»fi£(c*s^r , fl&bJ:CFJRJ9 
tf» 6 <■ *. Ifl*rci&-tt»b»ni- VKKb^»*« 

f*tttt*»sc&aMr*-3fc. l*>u s i c*« 
5. bfrbte&ib. se*. jE<«§3irci>* c 1 1 — 

2 0 ) ^fl'X 3.5* &MttA<Q*&(.>S1K€JBl>& 

SCimt. lnGaNI^FI/-1f-4t«l 

&»1R±-ClfcSStffc. W*ttGaN©Siffi*JijmH* 
m&im-Cffi^Z 4. 1 0 0 n mSjSOEgCiftST&tt 

StiTO*:. Ssfc(OOOl) Si Bttttu-c. mv» 

o.or tirt©iE3Erffio»sftffli,> s 4 . teg© c 1 50 



4#gf!¥ 1 1 -2 33 39 1 
2 

-1005 *ifiiic«»Lfc*^ffi36»6a4iaei* : ffbr 
n&&4\ K/s*a®©«g— tt«:pjiS3W*o/c. chit 

C 1 - 1 0 0 J ^{C«MLfc»/hffl3&>6tt4lffliIWJ^ 
[0 00 3] 

[^*5^b«fc^4-r€>iis] iauciri<, ee 

C4**ffllir*.5fc«>fc:. D-7T-f7^>S iCi«±(C 

*§ a i$5-r ^ c 4 k j: 0 . *m#mik wtu? s 

ISA 4 ©t^jg^tf^ tf rw^***+#r * 4 «: 

&tc, ttAja»ttx*y»H6tfl^^*jH£4Ts 

*^3lfT*^©(6ffl±©*#tt*iAr±-r * c 4 #*«>Tffl 

[0004] *§zw<Dmmit, ±<es&&&ste*s»&m 
H£*»rii u mitmni- v«Hb^«NS3wt*m©ff 

*«fcafcft*flJl»Sc£«cJ:»>. IftAtt 
©SHHtan- Vift^IftJ: 0 tt£WRflM4t& 

L fcj!&14ig©¥jS#§Sg*J «fc tf*©*BK&ffi*ii 
^-T4C4{c*-5. 0 
[0 00 5] 

■TZtciblc. 4^ia»«8¥3l#©ftHtcett©J:9a« 
JSS4 ***>©■?**. Tfcfofc. *»9!ttlf3jaS 1 «CE 
*8©J:5K:. S iC Uifftfr'fJR) £D%StSAS8t-C 
*o-C. S i C*&H© (0 00 1 ) S iffiiETSrfiJ:^. 
C 1 - 1 0 0} 3/71*0. *fctt Ci 1-203 TSnaj. «> u 

< » eti 6 4«aa*si«:. a«Mrt-c 7 mm<Dm 

ffl. SSMtCilKaSrt-C 0 .0 2ffittl>U0 .6g©i 

4. ^fc. *^«l|*3S2K:iatS©J: i 5CC. fft5jSSl 
fcfBi£©MaS«Lh«: . »b»ni- V^t^J^f* 

wzzvKzmgmmim&LxrjiZ^&gmt-t*, 

&©t?*5. S/c. *^?9«lt*313{clBig©J;^«:. 
IR^gi(cfBi(©«;ASfit«^». W&£!!«tBJ&Sffi 
tc J: 0 . »bftra- V^ft^Bj¥«ftMif4 J: 0 «e 4«S 

awii*jiRftr*ig*^^iyw*«ii©«ji5Erffiir 

4fe©r*5„ *I%hj«. «*3Sl~3{clEtS©J:^ 

k. »fc«m-vK{t^«Mis«flE*m*is»afir* 

IStl/t, (0 0 0 1 ) S i BIE^ftJ: •? . C 1 — 1 

oo)fei<«(ii-2o] ^ri$ifc b < w:-e©s£flfi& 

#4^*^0.0 2' ^60.6' tftiS i Cl«4ffll»5 

*-F*fflJt-i-4C4*i-C#. IAdftAK©^9aftfb«l 

III- V^{b^!l¥^^*4=S:tf SC4*irS5. § t> 



3 

[0 00 6] 

<*»©»» l > H l «:#SSt© 

(0 00 1 ) S iffiiE£{iJ:9. C 1 - 1 0 0 ) 
#1*1 K. «*tfS2*s. 0 .2' (S) M£4L;fcS i CS 
ffil*JBt»fc. ISftfiSfi«:i*l8®©MOVPE <W*g# 
SIMtBjXg) *F&fl3l». BRSBE^)7 6Torr (mmH 
g ) . fSSSK 1 0 3 0-C. UDISHt^fti Lt. bV* 

>y-)A, 7>*-7«?£&fliU V/Illifctt, #*> 1 
0000-30000iLfc. 03 {J. SiESUcGaN 

©ig3 0.5nm. Tftto^. G a Nig^Jf ©i^ST 
&* b/c 2 JI#©l3:M©liaPi#. fcfctyfc UOnml 

Ur^SCiW. CO^r. GaN/Al,. ls G 
a„., s N£fifi^#F (MQW) £ff$tKt££. 
MT&^tcmZ 1 . 1 nm©i^#F!!p?.©?lffifi:^ 

#»6*ifc. ?6fc, BKtcsiniiifrc. *iigg3 0 

Oym. ^»I1 0 Mm©^i*U-if-?rfPSSLft:<!: 
C5. !gl4O0nm, L £ ^tiMMffiffig. 1 5 k A/c 

m'r^^sgig-r-sctasrtfc. **(twrs i c 

fflRJbtt: G a N £f£fi g it &«&(COt,>T ttl? L . 

GaN©ffe. A IN. InN, BN. te£VZinh<Dm 

[0007] (mmoMm 2 > 02 ic#mmo>Bi&<D— 
mzm-r. &&m<?>&&£ lt 0 2 ic^-r < 0 0 0 1 ) 

S i MiE^fii J: 0 . Cl 1 -20 3 2ffiiCc. «W«2 

a*. 0 .2' mmutcs i c*«i*ffli^c tejij&g . 

K«. «S©MOVPEiP*ffll,». BSfiEE*7 8Torr. 

1 0 70U i?«t^«c«, h y y e^L-tf 

a. T>*-r^*^fflb. v/mittafcs 0 0 o~ 
20 000itfc. 05«. figSO/cGaNSffi©/!^ 

ffl^SlSS^Oc J: saffi^f>j^©^m^/^-r^0-c* 
S. H5(Cii%-rj:9(C. GaN¥ttlBAfe?©ft£©¥ 
K>0.25nm. -r&tat. G a N#^B©iS^-C 
feS 1 Jl&©&£©mn«s. *J*Jtfta7 0 n m©m 

0T(,»4CiAiI5. C©J&g3M$-C. GaN/Al 
i.i.Ga,. I ,N^M ; F#FtilWEr4i. 86*{c*jt» 
rBI|-C , $)ofcW$ 1 .1 n m<omi-WPffih<DmW3: 

300*tm. m»al 0 um©¥3H*U— tf-£ft*SO 
/ciC5. iKS4 0 0nm. L#l>ffi®jfeffig2 0 k A 



(3) 1 1 -233 39 1 

i CSffi±tCGaN?rfiRS$-B:4t8^tC-ot>T|{iWlyfc 
GaN©ffe. A 1 N. InN. BN. fcJ:0*Cft6 
©&£tiiA&i£ft £ tffcfltefcfc t»T fe±KilSI«fiMtt 

ffirtr©fSi*£o* afc*s, cnu+7" ©«5Hr* 

ti«H«©S»»*>»6*i*C4«:llB0ri,»*. 
[0 00 8] 

[ mmnm ] *»■»©**&£« K*t»s ?it* 

«. m&3kft!<t <fc C1-100D4>L/<«C11- 
10 2 0 5 *1*1. 4>b< tt*©«M6<e3naj'^»RBBrt"C7* 
filrt.'SSKlSit&Mrt'CO .0 2' #>60.6 - »L 

&S«4LT. (0 0 0 1 ) S i BJETfti J: »3 . C 1 - 
1003 O < « t 1 1-20) L < Vt^aym 

£tf*J#0.0 2* *>60.6* i ClfiSfli^S 

*»91©*&SI2. Ga 
N/A 1 G a N^llWFU- !f-*T-^©jSfflCCB 

* & &©-cw:ft < . m < mt»in- v^t^i* 

**«*ffli>fc*iW*««©»ttrti±(cffi8ir** ctB 
S^*-Cfe*C>. 3 6(C. 1f*GaN©^';U^»S*5ji 
ffl pJtBf c o /cJt^r-^ . t7 7 -/ 7 ±©&fi^S[©»SiJ 

30 [Hm©ffl4tttitm] 

[H 1 ] 4&ffl<D9m<OJ8* 1 L/fc S i C ««© 
[02 ] *IMi©SI*©»«2"C«55l/fcS i Cmm<D 

im3] *mw<Dmm<mm 1 -c?»wcg a n^s^f 
stt©msas**>j%rftj«H. 

[04] * »H©£tt©7gS 1 *J «t 2 T fM b /c^S 
a^-#F U— !f-©«**5«-««H. 

[05] *^HJ<D||Ji(D?i5S§ 2 Tfi^ LfcGaN ^ffi^P 
40 «(£©»l£tt»^-r«»H. 

1- Si cs« 

3 • • • G a N *{4i@S*S^©iS § 

4 ••• G a NIMH^a ©«<* Lfc 2 @»©©^©P^ 
PS 

5 • • G a N mtiLte&ttWn $ ©¥» 

6 - G a N*#^Ji©i*3 T»IL?c 1 S»©®M©S 

50 1 0-S i 



(4) 

5 

1 1 -A I N (~2 0 0 nm> 

1 2-n - A 1 x Ga M N (x = 8%, 2000nm) 

1 3- n-GaN (10 0 nm) 

1 4- T i /Au 

1 5-n-A UGa^xN <x= 8%, 4 0 0nm) 
1 6-GaN (40 0 nm) * 

[mi i 
mi 

(0001)3 - 



(1100) 




i-s i case . . 

(1 TOO) It. m&&<D*j£ipVtt t 1 - 1 0 0) T«*>*\ 



«iB¥ 1 1 - 2 3 3 3 9 1 

6 

* 1 7 - I nGaN-MQW (^mfi^*#F) 
1 8-GaN (4 0 0 nm) 

1 9-p -A l x Ga a . x N (x = 8%. 40 0nm) 
20-p-GaN ( 1 0 0 nm) 

2 1-Ni/Au 



[02] 
@2 

(0001)8 

A 




1-S i CM 
2 



[S3] 




3 — G a N £>3££ 
& : ( I T 0 0 ) W\ rafiB«©*A^Ttt (1-10 0) TA*>r. 



ftmW-l 1 -2 3 3 3 9 1 



[04] 



14 
13 
12 

11 

10. 



1 0-S i CS« 

1 l — A IN (-*Z00nm) 

1 2- n-A 1 ,Ga.-*N (x = Bfc. 2000nm> 
1 3-n-GaN (1 OOnm) 
1 4-T i /Au 

15- n-Al,G8,.xN{x»8* P 400nm> 

16- GaN (400am) 

17- 1 aGaK-MQW (*Sfi-7-#F) 
1 8-GaN (4 OOnm) 

19...p-AliGt,.»N (x-8*. 4O0nm) 

20- p-GbN (lOOnm) 

2 1 - N i/Au 

[05] 




Ol 



5- G aNMJSSfflfifOflfg 
& : [ 1 1 2"0) tt, |8»afG>*:S:*Ttt (11-20) 




